SOME time ago I investigated 1,000 cases of normal adolescents with a view to tabulating the dates of appearance and fusion of the epiphyses. I now wish to deal with certain facts which became evident, and to draw some conclusions that seem justified from these and subsequent cases which I have seen. I will discuss first the epiphyseal centres found at the upper and lower ends of the humerus. Great diversity of opinion exists as to the time of appearance of these epiphyses, and as to their number. Gray's " Anatomy " gives two centres-one for the head and one for the greater tuberosity, but quotes B6clard as stating that there is an additional centre for the lesser tuberosity. Morris's " Anatomy " and Cunningham's "Anatomy" both give three centres. Choyce gives three centres, which appear at 6 years and join at 25 years. Roberts and Kelly also mention three. Cohn, in a series examined radiologically, came to the conclusion that there was only one epiphysis for the upper end of the humerus, and that the two tuberosities were ossified as downgrowths from this centre, much in the manner that the tuberosity of the tibia is ossified. He quotes Poland and Stimson as supporting this view. I found that three of my cases showed unmistakably separate epiphyses for the head and the greater tuberosity. This led me to collect further cases, and ultimately I found that about 60 per cent. of them showed this separate centre, but that in the normal position in which radiograms of the shoulder are taken the shadow of this epiphysis is overlapped by that of the head, and appears very much like a downgrowth from it. Radiograms taken at different angles, and including one with the arm fully extended above the head, may show that it is completely separate. It appears at the end of the second and the beginning of the third year, and joins the epiphysis for the head about the fifth year. The remaining 50 per cent. of cases showed no separate centre for the tuberosity, in which case it appears to ossify by extension from the head. In no case was there a single instance of a separate epiphysis for the lesser tuberosity; this points to the view that ordinarily there is no such separate centre, and that it cannot be regarded as the normal method of ossification.
SOME time ago I investigated 1,000 cases of normal adolescents with a view to tabulating the dates of appearance and fusion of the epiphyses. I now wish to deal with certain facts which became evident, and to draw some conclusions that seem justified from these and subsequent cases which I have seen.
I will discuss first the epiphyseal centres found at the upper and lower ends of the humerus. Great diversity of opinion exists as to the time of appearance of these epiphyses, and as to their number. Gray's " Anatomy " gives two centres-one for the head and one for the greater tuberosity, but quotes B6clard as stating that there is an additional centre for the lesser tuberosity. Morris's " Anatomy " and Cunningham's "Anatomy" both give three centres. Choyce gives three centres, which appear at 6 years and join at 25 years. Roberts and Kelly also mention three. Cohn, in a series examined radiologically, came to the conclusion that there was only one epiphysis for the upper end of the humerus, and that the two tuberosities were ossified as downgrowths from this centre, much in the manner that the tuberosity of the tibia is ossified. He quotes Poland and Stimson as supporting this view. I found that three of my cases showed unmistakably separate epiphyses for the head and the greater tuberosity. This led me to collect further cases, and ultimately I found that about 60 per cent. of them showed this separate centre, but that in the normal position in which radiograms of the shoulder are taken the shadow of this epiphysis is overlapped by that of the head, and appears very much like a downgrowth from it. Radiograms taken at different angles, and including one with the arm fully extended above the head, may show that it is completely separate. It appears at the end of the second and the beginning of the third year, and joins the epiphysis for the head about the fifth year. The remaining 50 per cent. of cases showed no separate centre for the tuberosity, in which case it appears to ossify by extension from the head. In no case was there a single instance of a separate epiphysis for the lesser tuberosity; this points to the view that ordinarily there is no such separate centre, and that it cannot be regarded as the normal method of ossification.
It would appear, therefore, that the upper end of the humerus ossifies in abo-ut 50 per cent. of cases from a single centre for the head, and in the remaining 50 per cent. from two centres, one for the head and one for the greater tuberosity. The centre for the head is either present at birth or appears within the first few months of life. The centre for the greater tuberosity, when present, appears at the end of the second or beginning of the third year. At about this time the lesser tuberosity is ossified as a downgrowth from the head and both centres become fused at the end of the fifth year.
The lower end of the humerus is usually described as having four centres of ossification-one each for the capitellum, the trochlea, the internal condyle and the external condyle. The epiphysis for the external condyle, however, does not seem to be invariably present. Cohn has stated that its appearance is the exception rather than the rule. I cannot agree with this as I found it present as a separate epiphysis in 70 per cent. of the cases. In the remaining 30 per cent. it appears to be formed as an extension of the capitellum. When present, the date of its appearance is very varied, but usually it occurs at the age of fourteen. I found it, however, in several cases in the tenth year. It joins the shaft two or three years MAR.-ELECTRO. 1 after it has appeared. In some cases its shadow is so near the outer margin of the capitellum that it is difficult to see, and in some instances it appears to fuse with the capitellum. More frequently it maintains a separate existence until it joins the shaft at the age of seventeen or eighteen.
For the moment I will deal no further with individual epiphyses, but will point out certain factors which influence the date of their appearance and fusion. The first and most important of these is sex. By separating the cases of each sex a very persistent and definite difference in the times of appearance and fusion is evident, and for some reason which I cannot explain the difference is much more marked in the epiphyses of the elbow-joint than in any other bones of the body. In girls all the epiphyses of the elbow-joint are invariably fused at the age of 15, whereas in boys fusion is rarely complete before the end of the nineteenth or beginning of the twentieth year. Investigation showed that elsewhere there was a sex difference of one to two years in the time of fusion of the epiphyses. This has been recognized before in general principle, but it seems so marked that its importance is very great in any estimation of age from the epiphyses; also if the sexes are separated the average dates of the appearances and fusions of the epiphyses are more nearly constant than appears from many of the anatomy text-books, where figures have presumably been arrived at from series of cases of both sexes. Adair and Scammon have shown that the same relationship holds in the intra-uterine ossification of the primary centres, and that in the foetus ossification proceeds more rapidly in females, even though their weight and dimensions are less than those .of the males. The older the individual the more marked is the difference between the two sexes as regards their epiphyses, so that the disparity in the dates of fusion is greater than that of the dates of appearance. As Pryor expresses it, " the bones of the female ossify in advance of the male. This is measured at first by days, then months, then years."
The influence of the endocrines on growth is well known, especially that of the -anterior lobe of the pituitary and the thyroid, and the inter-relation of the endocrines is being worked out. There is no doubt that the sex glands can affect the thyroid, and their connexion is witnessed by the physiological enlargement of the thyroid at puberty, marriage and pregnancy. Dixon, in 1923, showed that injection of *ovarian extract stimulated the action of the anterior lobe of the pituitary. It has been shown that castration delays ossification, even if it does not inhibit it. Puberty in both sexes has a very pronounced effect on ossification and announces *one of the most active phases of the process. As puberty and sexual maturity occur earlier in the female, and as ossification is associated with both these events, there is no anomaly in the earlier ossific changes in the female. Lipschutz quotes several cases of sexual precocity which showed complete fusion of the epiphyses at an abnormally early age. All his cases were associated with endocrine disturbances. I have seen three cases of sexual precocity as evidenced by enlargement of the breast, menstruation, the growth of pubic and axillary hair, etc., one at the age of twelve, and another at fourteen. In one of them menstruation commenced at the age of eleven and the other signs preceded it. In this case there was hyperthyroidism at the age of two; this was treated radiologically and presented some very interesting endocrine disturbances. The relevant feature here, however, is that, associated with the early sexual maturity, there was early epiphyseal union. At the age of twelve most of the epiphyses were joined and the others were almost fused. The other case was less marked, showed some sexual precocity and an enlarged pituitary fossa. Here also epiphyseal growth was in advance of the normal.
The third case was that of a boy of sixteen whose mother had sought advice, as, although he was normal, he was not as tall as she thought he should be. Mentally he was quite normal, though not brilliant; he was thick-set, short, had a deep voice, and bad been shaving for some time. He had the appearance and the manner of an adult of 22 to 24. On examining his epiphyses I found complete fusion in all the long bones, that is about four years earlier than normal.
In all these cases of accelerated epiphyseal union, therefore, there was an associated accelerated sexual maturity, and such disturbances of the sexufal or other endocrine glands, are the commonest causes of early union.
Shinz, Baensch and Friedl have examined the dates of epiphyseal union in various classes of society, and found it earlier in the children of peasants and artisans than in the children of more aristocratic parentage. In a series of hospital cases at the Manchester Royal Infirmary, consisting mostly of adolescents employed in manual labour, the average date of fusion of the epiphyses was distinctly below that quoted in the standard text-books, though whether this was really due to their occupation or whether the dates in the text-books were wrong I am not sure. On general principles one would imagine that development would be more rapid in manual workers. Unfortunately I have no opportunity for following up this interesting investigation. Two other factors said to influence epiphyseal growth and union are climate and race. It is stated that in tropical climates and in primitive races epiphyseal growth is more rapid. Here, again, I am unable to confirm or disprove this statement; I am inclined to think, however, that the early epiphyseal union is secondary to the early sexual maturity which tropical races exhibit, and that it is not due to direct external influences.
In order to investigate further the times of epiphyseal union in various types of adolescents I have examined a number of boys from the Manchester Grammar School. Dr. A. A. Mumford, the medical officer of the school for twenty years, has made a study of the different types of boys and their physical measurements, and he kindly sent me various physical types for X-ray examination of their epiphyses.
By means of a study of the large numbers of boys that have passed through his hands, Dr. Mumford has compiled tables of average measurements, of height, of length of limbs and their proportion to trunk measurements, of chest measurements and dentitions. These he has correlated with their mental ability and natural aptitude for various types of study. His analysis of the vast numbers of boys whom he has examined over this period is contained in his book entitled "Healthy Growth." It might appear that certain types of growth would re'real different epiphyseal changes, particularly the type in the boy who has "outgrown his strength," and who is unusually tall for his age; also the type that is physically precocious, often good at games, well developed and with the appearances of a boy older than his actual age. In contrast with this is the boy who is physically normal, but mentally precocious. All these types were examined and radiographed.
The first series examined contained those of excessive physical development.
Taking the average height, weight and chest measurement for certain ages, the boys in these cases were two to three years ahead of normal in their height, two years ahead in their weight, and about three years ahead in their chest measurement. Their ages were from 12 to 14. In every case, however, on radiological examination normal epiphyses for their age were found, and there was no instance of excessive growth associated with early epiphyseal union. The second category examined consisted of cryptorchids and boys who had had one testicle removed either as a result of trauma or of disease. Unfortunately there bas been no case of double orchidectomy so far. The ages in this series varied from 12 to 14, and the orchidectomy had been performed five years or more before my examination. I had anticipated in this series that there would be some delay or alteration in the condition of the epiphyses, but in all these cases the epiphyses were quite normal for the age, and in no case was there any apparent retardation of epiphyseal growth.
A limited number of cases of congenital dwarfism were available for examination, the most striking being the case of a boy aged 16. The family is of Eastern extraction, and, though physically and mentally normal, all the members are diminutive. The boy aged 16, whom I saw, had the physical appearance of a child of 12, though his mental capacity corresponded with his actual age. The epiphyses of his long bones proved to be those of a youth of 16, and in spite of his dwarfish and under-developed appearance his epiphyseal age was normal.
Under the same type I may mention another case of two brothers, C. and H.
Dr. Mumford's description of them is as follows: " C. is 141 and H. is not yet 11.
The whole family of seven brothers are very extraordinary in their precocious growth. The eldest one had mental trouble and destroyed himself. Two others I have had to send away to the seaside on account of threatened chest trouble. They all grow very rapidly, very early, and stop growing about 14 or 15.
The eruption of H's teeth (i.e., the younger one) is about equal to his age, 1Oi-11, but his physical build is five or six years ahead of this; he is more precocious than C. None of the family possess normal distance vision and only one approximates to it. Radiograms of these two brothers are interesting. The elder one, although, from his family history he should not grow any more, shows normal epiphyses, and is, therefore, at any rate capable of further growth; but his younger brother, at the age of 10i, has the epiphyses of a boy of 16-a full five years in advance of what they should be. Actually, the radiograms of the two brothers, aged 10 and 16 respectively, are almost identical." This is a very difficult case, but, although I have no proof, I imagine we are dealing with some upset of endocrine balance, which is apparently congenital. Mentally, both these brothers seemed normal except for the precocity of the younger one, which was to some extent mental as well as physical. I have excluded from all these cases the known pathological conditions which affect epiphyseal growth, such as rickets, achondroplasia, scurvy, pseudo-coxalgia and diaphyseal aclasis, as I wish to draw attention to the non-pathological alterations in epiphyseal development. Unfortunately these cases are not very common, but from those which I have been able to investigate I draw the following conclusions:
(1) That sex is an important factor in epiphyseal development, which is complete one to two years earlier in females in the long bones except the lower end of the humerus and upper end of the radius and ulna, in which it is complete four years in advance of the male. 0
(2) That the sexual glands play an important part in the control of epiphyseal growth.
(3) That any upset in the normal endocrine balance may profoundly affect the ossification.
(4) That excessive physical development and rapid growth in proportion to age, whether associated with mental precocity or not, are quite independent of epiphyseal growth, which remains unaffected.
(5) That certain types of congenital dwarfism exhibit normal epiphyseal growth for their age.
(6) That the removal of one testicle does not affect epiphyseal growth, provided that the other is normal.
In conclusion I may say that with the exception of my statement regarding the dates of union of the epiphyses round the elbow-joint, my deductions are made from a limited number of cases, but the comparative rarity of non-pathological disturbances of growth and the difficulty of collecting them, even in a densely populated area, must be my justification. A LONG experience of X-ray work at both large general hospitals and at special hospitals for children has created an impression upon my mind that injuries to bone in childhood and early adolescence are very much more interesting radiographically, as well as clinically, than those which occur during adult life.
Apart altogether from the fact that during childhood we have to deal with a growing bone, which influences in no small degree the processes of repair after damage, a great point of interest is to be found in the growing ends of the long bones and their cartilaginous epiphyses. One finds injuries involving these epiphyses and growing ends which do not occur in adult life, and radiologically they present an interesting field for thought and investigation.
In the X-ray examination of children there are two most important, even if somewhat elementary, facts that must always be borne in mind. (1) Cartilaginous epiphyses are not shown by X-rays, owing to the extreme X-ray translucency of cartilage.
(2) It is only when centres of ossification are present that any shadow can be shown, and then it is only the actual ossified centre and not the whole epiphysis which is seen. This second point is important, and is, I believe, often overlooked. We see a shadow at the end of a bone, and are apt to overlook the fact that it is merely the central opaque portion of a much larger structure, consisting of cartilage. In studying radiographs of epiphyseal injuries it is necessary always to try to visualize the epiphysis as a whole, and not merely concentrate attention upon the centre of ossification. I must also point out the somewhat elementary fact that in the case of epiphyses there are different times at which they begin to ossify and become X-ray visible, and that in the study of these injuries it is essential to know something about the ossification of any individual epiphysis under examination. Even elementary facts are sometimes overlooked, not only by the general practitioner, but even by orthopeedic surgeons. Not so very long ago an orthopsdic surgeon referred a case to me, with the request that I would inform him if the epiphyseal internal condyle of the humerus was displaced. The child was under 2 years of age. I had to report that the radiographs showed nothing abnormal, and, as diplomatically as I could, to draw attention to the ossifying age of this epiphysis, namely, the fifth year of life. Before this age it would be invisible, even to X-rays.
I will now exhibit a few normal radiographs indicating the ossification at the wrist-ioint which will come under observation. It is obvious, then, that at this age no injuries to any of these unossified cartilaginous elements could be shown by X-rays. Slide 2. Hand at 2 years to 3 years of age.-Tbere is considerable variability in the times of commencing ossification, both as regards the carpal bones as well as the epiphyses, but by the end of the second year or so the centre of the os magnum and unciform should be well advanced, and, as a rule, the epiphysis of the radius (the radial epiphysis is very variable). It may be visible as early as the sixth month of life, though commencing ossification is often delaved until the second year.
